Azimuthal asymmetries in SIDIS off unpolarized targets 

at COMPASS 



Andrea Bressan 1 
(on behalf of the COMPASS collaboration) 

1- Department of Physics, University of Trieste and Trieste Section of INFN, 
via Valerio 2, 34127, Trieste, Italy 

Azimuthal asymmetries measured in unpolarized semi-inclusive deep inelastic scatter- 
ing bring important information on the inner structure of the nucleons, and can be 
used both to estimate the average quark transverse momentum k± and to access the 
so-far unmeasured Boer-Mulders functions. COMPASS results using part of the 2004 
data collected with a 6 LiD target and a 160 GeV fi + beam are presented separately for 
positive and negative hadrons. 

1 Introduction 

After years of study to understand how the nucleon spin originates from the constituent 
partons, an exhaustive answer is still missing. Moreover, while a lot of information has been 
gathered concerning the longitudinal structure of a fast moving nucleon (with respect to its 
direction of motion), very little is known about the transverse structure. In recent years these 
aspects have raised a lot of interest and after important theoretical developments and ex- 
perimental findings, transverse spin and transverse momentum k± of the quarks are by now 
considered as fundamental ingredients in the description of the hadron structure. Spin-fcj^ 
correlations give rise to various observables in hard hadronic processes such as the azimuthal 
asymmetries seen both in unpolarized or transversely polarized semi-inclusive deep-inelastic 
scattering (SIDIS), and led to the introduction of transverse momentum dependent (TMD) 
parton distribution functions (PDF) and fragmentation functions (FF). Among these func- 
tions of special interest are the Sivers functions f^r(x, k±) [2], which describe an azimuthal 
asymmetry in the parton distributions inside a transversely polarized nucleon, and by their 
chirally-odd partner hi(x, fej_), the Boer- Mulders functions [3j, describing the transverse 
parton polarization inside an unpolarized hadron, and generating azimuthal asymmetries 
in unpolarized SIDIS. COMPASS results on the Sivers asymmetries are given elsewhere [4] 
while here the unpolarized azimuthal asymmetries arc presented. 

The cross-section for hadron production in lepton- nucleon DIS £N — > i'hX for unpolar- 
ized targets and an unpolarized or longitudinally polarized beam is the following [5]: 

da a 2 1 + (1 — y) 2 

Fuu.t + F UUtL + ei cos 4> h F^ 
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where a is the fine structure constant, x, y and Q 2 arc the inclusive DIS variables, z is the 
fraction of the virtual photon energy carried by the detected hadron, <ph is the azimuthal 
angle of the outgoing hadron in the 7-nucleon system. Fjju,t, Fuu,l, F^°^ h , 2 ^ h and 
F^y are structure functions, with the first and second subscripts which indicate the beam 
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and target polarization respectively, and the last subscript which, if present, indicates the 
polarization of the virtual photon. Finally A M is the beam longitudinal polarization and: 

2(2 - y)y/T=y 
l + (l-y) 2 

2(1 -y) 
i + (\-vY 

2y^l^ 
1 + (1 - yf 

are depolarization factors. The Boer-Mulders PDFs contribute to both the cos0 and the 
cos 2<f> structure functions, together with the so called Cahn effect [6] which arises from 
the fact that the kinematics is non collinear when the k± is taken into account (i.e. a 
kincmatical higher twist), and with the perturbativc gluon radiation, resulting in order a s 
QCD processes. pQCD effects are becoming important for high transverse momenta px of 
the produced hadrons, while are small for px up to 1 GeV/c. The sinc^ modulation, which 
arises from the natural polarization of the muon beam, does not have a clear interpretation 
in the parton model. 

In the past, azimuthal asymmetries have been measured by the EMC collaboration [7J[5], 
with a liquid hydrogen target and a muon beam at a slightly higher energy, but without 
separating hadrons of different charge. These data have been used [9] to extract the average 
(kj_). Azimuthal asymmetries have been also measured by E665 [TUj and at higher energies 
by ZEUS [n]- More recent are the COMPASS results first presented at [12], and the 
measurements done by HERMES, first shown at [T5] , 

2 The COMPASS experiment 

The COMPASS experiment has been set up at the CERN SPS M2 beam line. It combines 
high rate beams with a modern two stage magnetic spectrometer [Tl] . 

COMPASS has collected data with a 160 GcV positive muon beam impinging on a 
polarized solid target. The beam is naturally polarized by the tt— decay mechanism, and the 
beam polarization is estimated to be ~ 80% with a ±5% relative error. The beam intensity 
is 2 x 10 8 muons per spill. 

Up to 2006 the experiment has used 6 LiD as deuteron target because its favorable dilution 
factor of ~0.4, particularly important for the measurement of AG/ G. In 2007 an ammonia 
NH3 target has been used as proton target. Polarizations of 50% and 90% have been reached, 
respectively for the two target materials. 

3 Analysis and Systematic Studies 

The event selection requires standard DIS cuts, i.e. Q 2 > 1 (GeV/c) 2 , mass of the final 
hadronic state W > 5 GeV/c 2 , 0.1 < y < 0.9, and the detection of at least one hadron in the 
final state. Moreover only events with a vertex in the forward target cell are used in order 
to minimize nuclear interactions and for a better data/Monte Carlo agreement. Finally, for 
the detected hadrons it is also required that: 

• the fraction of the virtual photon energy carried by the hadron be 0.2 < z = Ej l /E 1 < 
0.85 to select hadrons from the current fragmentation region; 
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• 0.1<pt<1-5 GeV/c, where px is the hadron transverse momentum with respect to 
the virtual photon direction, for a better determination of the azimuthal angle 4>h- 



Data taken both with a longitudinally 
polarized and a transversely polarized tar- 
get have been used, mixing positive or neg- 
ative orientations in order to cancel effects 
depending on the polarization of the nuclc- 
ons. This statistics corresponds to almost 1 
month of the 2004 data taking and after all 
the cuts consists of 5 x 10 6 positive hadrons 
and 4 x 10 6 negative hadrons entering the 
asymmetry calculations. 

In the measurement of unpolarized 
asymmetries all the methods used to can- 
cel the experimental acceptance cannot be 
adopted and the correction for this effect 
is mandatory before fitting the azimuthal 
modulation. This is done by using a 
full Monte Carlo chain, which starts from 
the SIDIS event generation performed by 
Lento [T5], simulate the experimental setup 
and the particle interactions in the pas- 
sive and active material of the detectors 
(also including the detector response done 
by COMGEANT), and ends with the re- 
construction of the generated events by the 
same program (CORAL) used to analyze 
the real data. The quality of this chain 
is evaluated by comparing distributions of 
real data and of generated events both for 
the DIS variables and for the hadronic vari- 
ables. 

The experimental acceptance as a func- 
tion of the azimuthal angle A{<j>) is then cal- 
culated as the ratio of reconstructed over 
generated events for each bin of x, z and 
Pt on which the asymmetries are measured. 
The overall y, z and pr acceptances are 
quite constant over the range used in the 
analysis, so that the effect coming by the in- 
tegration over the unlooked variables when 
the asymmetries in one of the variables are 
extracted is well within the systematic er- 
ror. The measured distribution, corrected 
for acceptance is fitted with the following 
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Figure 1: Top:measurcd azimuthal distribu- 
tion after weighting for the two target polar- 
ization. Middle: acceptance distribution as 
calculated by the Monte Carlo data. Bottom: 
azimuthal distribution corrected for the accep- 
tance effects. 
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functional form: 

Ntf) = JV (l + A c %cos<H 

A cos 24, cos 2 <t> + A Sn 4, sin <t>) 

An example of a measured azimuthal distribution, acceptance corrections and corrected 
azimuthal distribution is shown in Fig. [TJ together with the resulting fit. 

The contribution of the acceptance corrections to the systematic error has been studied 
with care. As the asymmetries were extracted from data taken both with longitudinal and 
transverse target configurations, comparing the two results gives the effect of the acceptance 
changes due to the different configuration (solenoid vs. dipole) of the target magnet and to 
the different direction of the incoming beam (for the transverse setup the beam is bent in 
order to leave the target with the same direction as in the longitudinal case). In order to 
check the effect of the simulation parameters the acceptances have been calculated using two 
different sets of Lepto parameters. All the resulting asymmetries were compared in order to 
quantify the systematic error in each kinematical bin. Further systematic tests, like splitting 
the data sample according to the event topology and to the time of the measurement, gave 
no significant contributions. 



4 Results and Comments 
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The sin</> asymmetries, not 
shown here, measured by 
COMPASS are compatible 
with zero, at the present level 
of statistical and systematic 
errors, over the full range of x, 
z and pt covered by the data. 

The cos </> asymmetries ex- 
tracted from COMPASS deu- 
teron data are shown in Fig. [2] 
for positive (upper row) and 
negative (lower row) hadrons, 
as a function of x, z and pt- 
The bands indicate the size 
of the systematic error. The 
asymmetries show the same 
trend for positive and nega- 
tive hadrons with a slightly 
larger values for the posi- 
tive one. Values as large as 
30-^40% are reached in the 
last point of the z range. The 
theoretical predictions [TB] in 
Fig. [2] takes into account the 
Cahn effect only, which does 
not depend on the hadron 

charge. The Boer-Mulders PDFs are not taken into account in this case 
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Figure 2: cosc/> asymmetries from COMPASS deuteron data 
for positive (upper row) and negative (lower raw) hadrons; 
the asymmetries includes the kinematical factor e\ and the 
bands indicate the size of the systematic errors. The super- 
imposed curves are the values predicted by [16j taking into 
account the Cahn effect only. 
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The cos 2cj> asymmetries are 
shown in Fig. [3] together with 
the theoretical predictions of [17], 
which take into account the kine- 
matical contribution given by the 
Cahn effect, first order pQCD 
(which, as expected, is negligible 
in the low px region), and the 
Boer-Mulders PDFs (coupled to 
the Collins FF), which give a dif- 
ferent contribution to positive and 
negative hadrons. In [T7] the Boer- 
Mulders PDFs are assumed to be 
proportional to the Sivers function 
as extracted from the preliminary 
HERMES data. The COMPASS 
data show different amplitude for 
positive and negative hadrons, a 
trend which confirms the theoreti- 
cal predictions. There is a satisfac- 
tory agreement between the data 
points and the model calculations, 
which hints to a non zero Boer- 
Mulders PDFs. 
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Figure 3: cos 2(f) asymmetries from COMPASS deutcron 
data for positive (upper row) and negative (lower raw) 
hadrons; the asymmetries are divided by the kincmat- 
ical factor E\ and the red bands indicate size of the 
systematic errors. 



References 



[2 
[3 
[1 
[5 
[6 
[7; 

p: 

[9 
[10 

[H 
[12 

[13 

[11 
[15 
[16 
[17 



Slides: 

http: //indico . cern. ch/contributionDisplay . py?contribld=308&sessionld=4&conf Id=53294 

D.W. Sivers, Phys. Rev. D41 (1991) 83. 

D. Boer and P.J. Mulders, Phys. Rev. D57 (1998) 5780. 

A. Bressan, "COMPASS Results on Collins and Sivers Asymmetries", these proceedings. 
A. Bacchetta et al, JHEP 0702 (2007) 93. 
R.N. Cahn, Phys. Lett. B78 (1978) 269. 

The EMC Collaboration, M. Arneodo et al, Z. Phys. C34 (1987) 277. 
The EMC Collaboration, J. Ashman et al, Z. Phys. C52 (1991) 361. 
M. Anselmino et al, Phys. Rev. D71 (2005) 74006 

The E665 Collaboration, M.R. Adams et al, Phys. Rev. D48 (1993) 5057. 
The ZEUS Collaboration, J. Breitwcg et al, Phys. Lett. B481 (2000) 199. 

W. Kafer, "Measurements of unpolarized azimuthal asymmetries at COMPASS" , in the proceedings of 
'Transversity 2008' and larXiv:0808.0140l 

F. Giordano, "Measurements of azimuthal asymmetries of the unpolarized cross-section at HERMES", 
in the proceedings of 'SPIN2008' and larXiv:0901. 24381 

The COMPASS Collaboration, P. Abbon et al, Nucl. Instrum. Meth. A577 (2007) 455. 

G. Ingelman, A. Edin and J. Rathsman, Comp. Phys. Commun. 101 (1997) 108. 
M. Anselmino et al, Eur. Phys. J. A31 (2007) 373. 

V. Barone, A. Prokudin and B.Q. Ma, Phys. Rev. D78 (2008) 45022. 



DIS2009 



